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1. INTRODUCTION

Nowadays, different types of technologies are used for the 
treatment of dye wastewater such as adsorption, advanced oxidation 
process,  biological treatment, coagulation-flotation, electrochemical 
process, flotation, filtration, ion-exchange membrane, super filter 
film, oxidation, and electrolysis [1-4]. Most of these methods for the 
treatment of dye wastewater have not been widely applied at large scale, 
because of the high cost and disposal problems. Among these methods, 
the adsorption process is one of the effective techniques that have been 
successfully employed for dye removal from wastewater. Activated 
carbon is the popular adsorbent material most commonly applied for 
adsorption process of dyes. However, because of its high price and 
hard regeneration the wide applications of activated carbon were 
limited [5-7]. Recently, the researchers are focused on the development 
of low-cost adsorbents for the application of adsorption technique for 
wastewater treatment. Because of adsorption method having much 
more advantages, such as the low cost, availability, profitability, ease of 
operation, and efficiency, in comparison with methods, especially from 
economic and environmental points of view and also cannot produce 
any harmful substances in this process. However, the use of activated 
carbon as an adsorbent is disadvantageous because it is relatively 
expensive. For this reason, a number of nonconventional low-cost 
materials have recently been attempted and included as alternative 
absorbent to activated carbon for the removal of dyes from wastewater. 
Especially, agriculture by-products and waste materials from fruits and 
vegetables are considered as low-cost adsorbents since it is abundant 

in nature, inexpensive, requires little processing, and is an effective 
material [8,9]. Recently, different varieties of materials have been used 
as low-cost adsorbents, those are mainly fruit seeds, agricultural by-
products, and vegetable waste such as Jujuba seeds [1,2,7], papaya 
seeds [10], cashew nut shell [11], Luffa cylindrica cellulosic fiber [12], 
palm kernel coat [13], Thuja orientalis cone powder [14], wheat 
straw [5,15], Cicer arietinum Linn. fruit shell [16], and some reviews 
on agricultural waste [9,17,18].

This work aims to evaluate the potential of RS as a novel biosorbent 
for dye removal, and removal of organic pollutant from aqueous 
solution is very interesting from the economic point of view since it is 
an agricultural residue that is available at low cost. In this context, the 
aim of the present study was to investigate the potential application of 
Rambutan seeds (RSs) as a biosorbent for the removal of textile dye 
AB25 from wastewater. Kinetics, equilibrium, and mechanism studies 
were carried out to elucidate the biosorption process of AB25 dye onto 
RSs.
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ABSTRACT
The potential of Rambutan seeds (RSs) for biosorption of acid blue 25 (AB25) from aqueous solutions was investigated in batch 
systems in terms of kinetics and equilibrium. Experimental data showed that the biosorption capacity of RS was dependent 
on operating variables such as solution pH, initial AB25 dye concentration, and contact time. The maximum biosorption has 
occurred at pH 2 (87.06%). Significant enhancement of AB25 biosorption was observed by increasing initial dye concentration. 
Adsorption kinetic data were fitted using the pseudo-first-order, pseudo-second-order (PSO), and intraparticle diffusion model. 
The biosorption kinetics for the AB25 dye onto RS was best described by PSO kinetic model. Langmuir model exhibited the 
best fit to experimental data. According to this adsorption isotherm model, the maximum AB25 biosorption capacity of RS is 
35.58 mg/g. The low RL values (0.1357–0.0497) also confirmed that RS biomass is favorable for biosorption of AB25. The 
results revel that adsorption is proceed with the chemisorption process. These results indicate that RS can be used as an effective 
and environmentally friendly biosorbent to remove AB25 from wastewater.
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2. MATERIALS AND METHODS

2.1. Biomaterial Preparation
Rambutan (Nephelium lappaceum Linn.) fruits were collected at the 
local market, in Bangi, Selangor, Malaysia. We are consuming the pulp 
and separate the seed from fruits. After taking out the pulp of the fruits, 
the RSs were thoroughly washed with tap water to remove the pulp 
left, if any and were sun dried. The dried seeds were pulverized into 
a fine powder in a mechanical grinder and sieved to desire mesh sizes 
standard sieves. The sieved biomaterial was stored in an airtight plastic 
container, label as RS, until used for the experiments. RS biosorbent 
was used in the AB25 biosorption experiments performed in this work. 
The Rambutan fruit belongs to the family of Sapindaceae and its 
botanical name is N. lappaceum Linn.

2.2. Adsorbate
Acid blue 25 (AB25) dye was used in this study; it is purchased 
from Sigma-Aldrich, Selangor, Malaysia. Its C.I. No.  62055 and its 
chemical formula=C20H13N2NaO5S (FW=416.38 g) and λmax=610 nm. 
The chemical was used without any further purification. Stock solution 
of 1000 mg/l was prepared by dissolving 1 g accurate quantity of the 
AB25 in distilled water. The experimental solution was obtained by 
diluting the stock solution to the designed initial AB25 concentration.

2.3. Batch Biosorption Studies and Analytical Method
In batch biosorption kinetics, 25 ml of solutions of AB25 of varying 
concentrations (25–75  mg/l) in 50  mL centrifuge tubes a fixed 
mass of the biosorbent was added and the content was shaken on a 
rotatory shaker for 5–120 min. The solution was centrifuged and the 
concentration of residual AB25 was determined spectrophotometrically 
at 610 nm. For kinetic measurements, the experiments were performed 
using a fixed biosorbent dose with varying contact times at different 
AB25 dye concentrations. The effect of pH on AB25 dye removal was 
studied over a pH range of 2–12. The pH was adjusted by adding a 
few drops of 1.0 N NaOH or 1.0 N HCl. In this study, 25 mL of a 
fixed initial concentration of AB25 at different pH was agitated with 
50 mg of RS biosorbent for 120 min. The effect of RS dose on the 
amount of AB25 adsorbed is obtained by taking different amounts of 
RS (10–100 mg) and agitated for 120 min with 50 mg/l solution of 
AB25 at original pH of AB25.

The samples were withdrawn from the shaker at predetermined time 
intervals, and the AB25 solution was separated from the biosorbent by 
centrifugation at 10,000 rpm for 10 min. The absorbance of supernatant 
solution was measured, from which the amount of AB25 adsorbed was 
calculated.

The amount of biosorption at time t, qt (mg/g), was calculated using 
the following equation:

qt=[(C0-Ct)V]/W� (1)

Where, Co and Ct (mg/l) are the liquid phase concentrations of AB25 
at initial and at any time t, respectively. V is the volume of the solution 
(L) and W is the mass of dry biosorbent used (g).

The AB25 removal percentage can be calculated as follows:

Removal percentage=[(C0-Ce)/C0]*100� (2)

Where, Ce is the equilibrium concentration in solution (mg/l).

2.4. Determining the Point of Zero Charge (pHpzc)
The pHpzc of the RS biomass was determined by the solid addition 
method [1,2,19]. In this experiment, 0.05  g of RS biosorbent was 
added to 25  ml 0.1 M potassium nitrate (KNO3) solution. The pH 

values were adjusted to between 2 and 12 at two intervals, using the 
1.0 M hydrochloric acid (HCl) and 1.0 M sodium hydroxide (NaOH). 
The solution with the RS bisorbent was equilibrated for 24 h. After 
24  h of shaking, all conical flasks were withdrawn from the shaker 
and allowed to equilibrate for 0.5  h. Afterward, the final pH of the 
solutions was recorded. The intersection point of the curve ∆pH (pHi–
pHf) versus pHi is considered as the amount of point zero charge.

3. RESULTS AND DISCUSSION

3.1. RS biomass Characterization
The infrared spectra in the range of 4000–400 cm−1 were recorded for 
the RS biomass and AB25 dye loaded RS biomass. Fourier transform-
infrared (FTIR) analysis was conducted to determine the presence of 
the functional groups and their possible interactions with AB25 dye. 
The RS biomass FTIR spectrum is shown in Figure 1. The peaks 
observed at 3991 cm-1 assigned as bounded hydroxyl O-H group. The 
peaks are observed at 3467 and 3431 cm-1 assigned as N-H stretching 
vibration and C=O bond in amide group. The band at 1744cm−1 to 
1736 cm−1 assigned as C-O bond in carboxylic acid and C=O bond 
in carboxylates. The band at 2851 and 2917 cm−1 assigned as O-H in 
alcoholic group. Reaming other peaks 2225, 2165, 2344, and 2360 cm−1 
indicate the presence of C-H asymmetric and symmetric stretching.

The RS is characterized by the bands: The broadband in the 3467 cm-1 
region is ascribed to N-H stretching vibration, C-O band occurs at 
11,644 cm-1 assigned as associated with the amide group, and the 
band at 3271 cm−1 and 3295 cm−1 assigned as alcoholic O-H group 
stretching vibration. The band at 1744cm−1–1736 cm−1 assigned 
as -COO- carbonyl peak. The bands between 2851cm−1 and 2917 cm−1 
assigned as OH band of carboxylic group. Figure 1 confirmed the 
presence mainly of carboxyl, hydroxyl, and amide/amines functional 
groups on the biosorbent surface. These groups are led to bind with 
the dye –SO3 and NH2 group; these interactions are shown in Figure 2.

The morphological characteristics of the biosorbent were studied by 
SEM analysis (Figures 3 and 4). Figures 3 and 4 are shows the SEM 
micrographs of RS samples before and after AB25 dye biosorption. 
It is clear that RS has considerable numbers of heterogeneous pores 
where there is a good possibility for dye to be trapped and adsorbed. 
The surface of dye-loaded adsorbent, however, clearly shows that the 
surface of RS is covered with dye molecules.

3.2. Effect of Biosorbent Mass
The effect of biosorbent (RS) mass on the removal of AB25 from 
the wastewater is shown in Figure 5. When the biosorbent mass 
was increased from 0.01 to 0.1 g, an increase in the AB25 removal 
percentage also increased up to 0.05 g afterward gradually decreased 
up to 0.1 g. This behavior could be explained considering that with 
biosorbent dosage increases it occurs an increase on the surface, 
consequently, more active sites are available to bind dye from aqueous 
phase [2]. At masses over 0.05  g, the amount of AB25 biosorbed 
decreases gradually due to the aggregation of particles of biosorbent 
in the solution, consequently, a decrease in the surface for dye uptake 
occurs. Similar results regarding the effect of biosorbent dose on 
dye biosorption capacity have been observed and discussed in the 
literature  [20-22]. For this reason, the biosorbent mass 0.05  g was 
chosen for the kinetics experiments.

3.3. Effect of Initial pH
Previous reports in the literature have shown that solution pH is an 
important parameter affecting the biosorption process. Due to the 
protonation of the functional groups on the biosorbent surface and 
the chemistry of dye molecules are strongly affected by the pH of the 
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solution. In this experiment, the effect of initial solution pH on the 
biosorption of AB25 was evaluated over a range of pH values from 
2 to 12 using initial AB25 concentration of 50 mg/l, at temperature 
of 30°C, using 50 mg of biosorbent (Figure 6). From Figure 5, the 
maximum removal efficiency is achieved at pH 2. It can be observed 
that the process of biosorption is highly dependent on the pH value of 
the solution. The removal efficiencies of AB25 dye decrease, with an 
increase in the value of the pH of the solution. The uptake of AB25 
removal percentage was decreased significantly from 87.06% to 
29.09% as the pH solutions increased from 2 to 12. This result could 
be interpreted as an electrostatic interaction between the surface of the 
biosorbent, positively charged, and the anionic AB25 dye [1]. At lower 

pH values, a possible protonation of carboxylate group (COOH) and 
alcohols (OH), amine and amide (NH2) at the surface RS can occur, 
resulting in more attraction force between the anionic AB25 dye and 
protonated COOH, OH, and NH2 groups. Thus, at pH 2, the removal 
efficiency of AB25 is very high (87.06%). The pH values ranging from 
6 to 12, negative carboxylic (COO-) and alcohol (OH-) groups are an 
increase with increasing the pH, due to these changes biosorption was 
decreased. Because of biosorbent having the more negatively charged 
species and AB25 dye also having negative SO3 species, due to the 
high electrostatic repulsion between the negatively charged surface of 
RS and AB25 (Figure 2). This condition may be decreasing the AB25 
removal percentage from aqueous solution.

The point of zero charge value (pHPZC 6) of the biosorbent confirms 
this behavior (Figure 7). At pH<6, the RS surface is positively charged, 
hindering the electrostatic attraction of AB25, an anionic dye. At pH>6, 
the AB25 biosorption is hinder because the surface of biosorbent is 
negatively charged and dye molecule also having negative charge. 
Figure 6 shows that the best pH values for AB25 biosorption on RS 
are pH 2. Similar results were reported for the AB25 removal using 
IJSP [1] and removal of Victazol orange 3R by mangifera indica seed, 
removal of Evans blue and Vilmafix red (RR-2B) dyes by aquatic 
stalks [23], durian peel toward the acidic dye [24], removal of acid blue 
062 by calcined colemanite ore waste [25], and acid 183 and acid green 
25 onto shell of bittim [26], diatomite [27], AB25 onto spent brewery 
grains (SBGs) [28], AB25 onto waste tea activated carbon [29], and 
AB25 onto natural sepiolite [30]. Therefore, pH  2 was selected for 
further biosorption experiments.

Figure 1: Fourier transform-infrared spectra of Rambutan seeds

Figure 2: Adsorption mechanism
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3.4. Dye removal Mechanism
AB25 is anionic dye; these anionic molecules increased the biosorption 
in an acidic medium. Figure 2 shows, at lower pH, available of 
excessive in H+ ion in the solution, these H+ ions interact with anionic 
AB25, so biosorption rate is higher at pH  2. Due to these reasons, 
the molecules of dye anions bind at the sorption sites at the surface 
of biosorbent. Thus, enhance the capability of the binding activity 
between dye anions and sorbent surface through electrostatic forces 
of attraction. Meanwhile, the removal of dye is low at high pH due 
to the excess of hydroxide ions, OH- competing with the molecules 
of dye anions to bind at the sorption sites at the surface of biosorbent. 
At higher pH, between pH 7 and 11, also adsorption occurred due to 
interaction of amine’s groups of AB25 with carboxyl groups of RS 
biomass. It is proved in pH effect. A similar trend was observed for 
adsorption of AB25 onto IJSP [1], diatomite [27], SBGs [28], waste tea 
activated carbon [29], and natural sepiolite [30].

4. ADSORPTION ISOTHERM MODELS

Adsorption equilibrium provides fundamental physiochemical data 
for evaluating the applicability of the adsorption process as a unit 
operation. The two most commonly used equilibrium relations are 
Langmuir and Freundlich isotherm equations.

4.1. Langmuir Isotherm Model
The Langmuir isotherm model anticipates the existence of monolayer 
coverage of the sorbate molecules over a homogeneous sorbent surface, 

and there is no important interaction among the sorbed species. The 
Langmuir model also assumes that the sorbent surface contains only 
one type of binding site so the energy of sorption is constant. The 
Langmuir isotherm model expressed by the following equation [1]:

qe=bQmaxCe/1+bCe� (3)

Where, qe (mg/g) is the amount of the dye biosorbed per unit mass 
of biosorbent, Ce (mg/l) is the equilibrium dye concentration in the 
solution, Qmax (mg/g) is the Langmuir maximum monolayer sorption 
capacity, and b (L/mg) is the constant.

The Langmuir model in linear form can be written as Eq. 4:

Langmuir isotherm model: (Ce/qe)=(1/Qmaxb)+(Ce/Qmax)� (4)

The linear plot of Ce versus Ce/qe shows that sorption obeys the 
Langmuir model and the constants Qmax and b are evaluated from slope 
and intercept of the linear plot, respectively.

The essential characteristics of Langmuir isotherm can be described 
by means of “RL” a dimensionless constant referred to as separation 
factor or equilibrium parameter. RL can be calculated using the 
following Eq. 5.

Separation factor: RL=1/(1+KLC0)� (5)

Where, C0 is the initial dye concentration, and KL is the Langmuir 
constant. The values of RL indicate the type of isotherm to be favorable 
(0<RL<1), unfavorable (RL>1), irreversible (RL=0), or linear (RL=1). 
By processing the above equation, RL values for investigated RS-
AB25 system are found to be 0.1357–0.0497. From the values of RL, 
it is confirmed that RS biomass is favorable for biosorption of AB25 
dyes from wastewater.

Figure  3: Scanning electron microscopic photograph of 
Rambutan seeds alone

Figure 4: Scanning electron microscopic photograph of acid 
blue 25 loaded Rambutan seeds 

Figure 5: Effect of biosorbent dose on the biosorption of acid 
blue 25 on to Rambutan seeds

Figure 6: Effect of pH on equilibrium uptake of acid blue 25
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The experimental equilibrium data of AB25 were compared with the 
theoretical equilibrium data obtained from Langmuir isotherm model. 
The biosorption data were analyzed using the linear form of Langmuir 
isotherm (Eq. 4). The values of Qmax and b obtained from the slope 
and intercept of the linear plot of Ce/qe versus Ce. The adsorption 
monolayer capacity is 35.58 mg/g, with correlation coefficient (R2) 
of 0.9961. The RL values ranged from 0.1357 to 0.0497 between 
25 and 75  mg/g of initial AB25 concentration. From the results, 
the biosorption of AB25 onto RS biomass was well fitted with the 
Langmuir isotherm model.

4.2. Freundlich Isotherm Model
The Freundlich isotherm model assumes a heterogeneous sorption 
surface with sites that have different energies of sorption and provides 
no information on the monolayer adsorption capacity [26]. The 
Freundlich model can be written as Eq. 6:

qe=KfC1/n� (6)

Where, Kf is a constant related to sorption capacity (mg/g) and 1/n is an 
empirical parameter related to sorption intensity. The value of n varies 
with the heterogeneity of sorbent and gives an idea for the favorability 
of sorption process. The value of n should be <10 and higher than unity 
for favorable sorption conditions. The Freundlich model in linear form 
can be written as Eq. 7:

Freundlich isotherm model: log qe=log KF+(1/n) log C0� (7)

The experimental equilibrium data were also compared with the 
theoretical equilibrium data obtained from Freundlich isotherm model. 
The values of Freundlich constants, Kf and 1/n, were obtained according 
to the linear form of the Freundlich isotherm (Eq. 7) and found to be 
12.13 and 3.57 mg/g, respectively, with correlation coefficient (R2) of 
0.9673. The Freundlich constant 1/n was smaller than unity indicated 
that the biosorption process was favorable understudied conditions. It 
is clear that the biosorption pattern of AB25 onto RS was well fitted 
with both the Langmuir and Freundlich isotherm models. This may 
be due to both homogeneous and heterogeneous distribution of active 
sites on the surface of the RS.

5. BIOSORPTION KINETICS

To predict the mechanism of the present biosorption process and 
evaluate the performance of the biosorbent for dye removal, three well-
known kinetic models were used to fit the experimental data; pseudo-
first-order (PFO), pseudo-second-order (PSO), and intraparticle 
diffusion models [2,19].

5.1. PFO Model
The PFO kinetic model was described by Lagergren:

PFO model: log (qe-qt)=log qe-(k1/2.303) t� (8)

Where, qe (mg/g) and qt (mg/g) are the amounts of the dye, biosorbed 
on the biosorbate at equilibrium and at any time t, respectively; and 
k1 (1/min) is the rate constant of the first-order model.

A straight line of log (qe-qt) versus t suggests the applicability of this 
kinetic model and qe and k1 can be determined from the intercept 
and slope of the plot, respectively. It is important to notice that the 
experimental qe must be known for the application of this model. Table 1 
summarizes the PFO constants, qe and k1, along with the corresponding 
correlation coefficients for investigated initial AB25 concentrations. 
The correlation coefficients were found in the range from 0.6338 to 
0.9978, which were relatively low. There was a deviation from the 
straight line of log (qe-qt) versus t (Figure not shown) after the first 
20 min for all investigated initial dye concentrations, indicating that 
the PFO model was only applicable for the first 20 min of biosorption. 
These observations suggested that the PFO model is not suitable for 
modeling the biosorption of AB25 onto RS.

5.2. PSO Model
The PSO model based on the assumption that the rate-limiting step is 
chemical sorption or chemisorption involving valance forces through 
sharing/exchange of electrons between sorbent and sorbate as covalent 
forces.

PSO model: t/qt=(1/k2qe
2)+(1/qe) t� (9)

Where, k2 (g/mg/min) is the rate constant of the second-order equation, 
qe (mg/g) is the maximum biosorption capacity, and qt (mg/g) is the 
amount of biosorption at time t (min).

If second-order kinetics is applicable, the plot of t/qt against t gives a 
straight line and qe and k2 can be obtained from the slope and intercept 
of the plot, respectively. For investigated initial dye concentrations, 
k2 and corresponding correlation coefficients are presented in Table 1. 
The correlation coefficients were nearly equal to unity. The results 
indicated that the PSO biosorption mechanism is predominant for the 
biosorption of AB25 onto RS, and it is considered that the rate of the 
dye biosorption process is controlled by the chemisorption process.

5.3. Intraparticle Diffusion Models
To predict the rate controlling step of the AB25 biosorption, 
intraparticle diffusion model has been used. In general, any sorption 
process involves three main successive transport steps which are 
(i) film diffusion, (ii) intraparticle or pore diffusion, and (iii) sorption 
onto interior sites. The last step is considered negligible since it 
occurs rapidly, and hence, sorption should be controlled by either film 
diffusion or pore diffusion depending on which step is slower. The 
intraparticle diffusion model equation is expressed as:

qt=kpit0.5+Ci� (10)

Where, qt (mg/g) is the amount of sorption at time t (min) and Kpi. 
(mg/g.min−0.5) is the rate constant of intraparticle diffusion model. The 
intraparticle mass transfer curves at various AB25 concentrations. It 

Figure 7: Point zero charge (pHPZC) of Rambutan seeds

Table 1: PFO and PSO kinetic model

Co (mg/l) qe exp (mg/g) model PSO model
k1 (1/min) R2 k2 (1/min) R2

25 12.0391 0.0286 0.8725 0.0415 0.9978
50 21.1406 0.0811 0.9476 0.0627 0.9998
75 26.2969 0.0451 0.6338 0.0286 0.9995
100 34.8438 0.0504 0.9978 0.0107 0.9998
PFO: Pseudo‑first‑order, PSO: Pseudo‑second‑order
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was observed that the AB25 biosorption process trends to be followed 
by two distinct phases. The first phase is attributed to the diffusion 
of AB25 through the solution to the external surface of RS, and the 
second phase indicates the intraparticle diffusion of AB25 into the 
pores of RS. The intraparticle rate constants for the first step (kip1), 
for the second phase (kip2), and c parameters were obtained from the 
plot of qt versus t0.5 and the results are given in Table 2. The values 
kid1 are higher than kip2, so it can be concluded that the rate-limiting 
step in present biosorption process is intraparticle diffusion. However, 
the lines did not pass through the origin (the plots have intercepts in 
the AB25 concentrations range of 25–100 mg/l) indicating that the 
intraparticle diffusion model is not the only rate-limiting mechanism. 
Therefore, it can be concluded that AB25 biosorption onto RS is a 
complex process and both intraparticle diffusion and surface sorption 
contribute to the rate-limiting step.

6. CONCLUSION

The RS was found to be one of the most promising biosorbents for 
the uptake of dyes due to its low cost, easy availability, and high dye 
uptake capacity. The utilization of RS may be the main advantage of 
the present study because it is an agricultural waste material. The AB25 
removal efficiency of the RS was tested through dose, pH, kinetics, 
and equilibrium parameters. The biosorption pattern of AB25 onto RS 
was well fitted with PSO, biosorption mechanism is predominant, and 
dye biosorption process is controlled by the chemisorption process. 
The monolayer biosorption capacity of RS was found to be 35.58 mg/g 
using Langmuir model equations. The experimental results indicated 
that the RS can be successfully used for the removal of AB25 from 
aqueous solutions.
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